Genetic reassortment of Thogoto (THO) virus has been demonstrated in dually infected Rhipicephalus appendiculatus ticks. However previous results showed that oral superinfection is inhibited by interference. To ascertain the site of THO viral interference, ticks were infected parenterally or orally with a temperature-sensitive (is) mutant of THO virus. Infected ticks were then challenged with wild-type (wt) THO virus via parenteral inoculation. Intra-stadial superinfection was carried out by parenteral inoculation of newly infected engorged ticks whereas inter-stadial superinfection involved inoculation of engorged ticks infected at the previous stage. In both instances viral interference was not observed, i.e. the challenge virus replicated and was delivered by bite to susceptible hosts. Therefore when the gut is bypassed, R. appendiculatus ticks are apparently permissive to dual infection even when there is a delay in the presentation of the superinfecting virus. These results demonstrate that interference following superinfection per os does not occur in the salivary glands, but may occur in the gut and possibly in a secondary site of viral replication such as the synganglion.
SUMMARY Genetic reassortment of Thogoto (THO) virus has been demonstrated in dually infected Rhipicephalus appendiculatus ticks. However previous results showed that oral superinfection is inhibited by interference. To ascertain the site of THO viral interference, ticks were infected parenterally or orally with a temperature-sensitive (is) mutant of THO virus. Infected ticks were then challenged with wild-type (wt) THO virus via parenteral inoculation. Intra-stadial superinfection was carried out by parenteral inoculation of newly infected engorged ticks whereas inter-stadial superinfection involved inoculation of engorged ticks infected at the previous stage. In both instances viral interference was not observed, i.e. the challenge virus replicated and was delivered by bite to susceptible hosts. Therefore when the gut is bypassed, R. appendiculatus ticks are apparently permissive to dual infection even when there is a delay in the presentation of the superinfecting virus. These results demonstrate that interference following superinfection per os does not occur in the salivary glands, but may occur in the gut and possibly in a secondary site of viral replication such as the synganglion.
Thogoto virus shares structural and genetic similarities with the influenza group of viruses (family Orthomyxoviridae), but is transmitted biologically by ticks (Davies et al., 1986) . Using natural routes of infection and temperature-sensitive (ts) viral mutants, reassortment of THO virus has been demonstrated in a dually infected vertebrate host (Jones et al., 1987) and a tick vector, Rhipicephalus appendiculatus (Davies et aL, 1987) ~ However in most dually infected ticks, interference of the superinfecting wild-type (wt) virus was observed both intra-and interstadially . Experiments have now been carried out to investigate the site of viral interference in the ticks.
A laboratory colony of R. appendiculatus was established by feeding all three stages of the tick on Dunkin Hartley guinea-pigs as described by Jones et al. (1988) . During the interval between feeding, the ticks were maintained in perforated tubes inside a desiccator held at 28 °C and 85 ~o relative humidity. Viraemia was induced in Syrian hamsters by subcutaneous inoculation of 5000 p.f.u, of THO ts virus as described by Davies et al. (1986) . Titration of blood-or tickderived material was performed in Veto cells incubated at 35 °C or 40 °C (the respective permissive and non-permissive temperatures) for 4 days, prior to fixation and staining (Jones et al., 1987) . The viral phenotype was considered to be wt when the difference in titres at 35 °C and 40 °C was less than 1.0 log~0 p.f.u. O f virus.
For intra-stadial infection of nymphs, cohorts of 120 nymphs were fed to repletion on two uninfected Dunkin Hartley guinea-pigs. Within a day of completing engorgement nymphs were restrained in plasticine and inoculated intra-coelomically with approximately 10 ktl of THO 0000-8898 © 1989 SGM 
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3"0 +_ 0-4 2'5 + 0"5 4 ts wt 11/15 3"1 _ 0"3 2"5 _+ 0.9 5 ts -19/20 3"9 + 0"3 < 1"0 6 -wt 20/20 3"1 + 0.4 2"5 + 0"7 * Inoculated intra-coelomically on day 0 or day 2 with ts and/or wt viruses, or with 10 ~tl saline (-). ~" Twelve days post-inoculation, mean virus titres (loglo p.f.u./nymph + S.E.M.) were calculated from those ticks found to contain virus. virus using a 1 ml syringe (Sabre International) and a 26-gauge needle. Following inoculation, the ticks were transferred onto filter paper inside a 35 mm Petri dish and maintained at 28 °C and 85~ relative humidity. Engorged nymphs were inoculated intra-coelomicaUy with approximately 5.0 loglo p.f.u, of either a mixture of ts and wt viruses, or ts virus with superinfection 2 days later with wt virus (a longer delay before superinfection resulted in high mortality of the ticks). Control nymphs were inoculated with 5-0 loglo p.f.u, of either ts or wt virus. Nymphs were assayed for virus 12 days post-inoculation (the time of maximum virus titre; Davies et al., 1986) . Wild-type virus was isolated (on day 12) from nymphs inoculated with either ts and wt viruses together, or with ts virus followed 2 days later by wt virus (Table 1) . Virus isolated from the control nymphs retained either the ts or the wt phenotype. Forty-two days after engorgement as nymphs, groups of 10 moulted ticks (i.e. adults; five males, five females) from each of the six cohorts were allowed to feed on uninfected hamsters ( Table 2 ). All of the hamsters became infected, reaching maximum viraemic titres 5 to 7 days after tick attachment. Virus isolated from the blood of hamsters on which dually infected ticks fed (cohorts 1 and 4) exhibited the wt phenotype; virus isolated from the blood of control hamsters retained the ts phenotype (cohorts 2 and 5) or the wt phenotype (cohorts 3 and 6).
Similar results were obtained when nymphs were allowed to feed to repletion on ts virusinfected hamsters and then superinfected parenterally with wt virus ( Table 3) . Cohorts of 80 nymphs were fed to repletion on two ts viraemic hamsters. Within a day of completing engorgement, nymphs were inoculated parenterally with approximately 5-0 loglo p.f.u, of wt virus; wt virus-inoculated control nymphs were fed on an uninfected hamster. The wt t Intra-stadial: nymphs fed to repletion on viraemic hamsters and following engorgement, inoculated intra-coelomically with the challenge wt virus. Inter-stadial: larvae fed to repletion on viraemic hamsters then, after moulting to nymphs, fed on uninfected guinea-pigs prior to intra-coelomic inoculation with the challenge wt virus.
UH, Uninfected hamster. § Inoculated intra-coelomically with 10 tll saline. -D D D D t Groups of 10 to 12 adults (of either sex) which had moulted from parenterally superinfected nymphs (Table 3) were fed on uninfected hamsters, 42 to 48 days post-engorgement Cohort numbers refer to Table 3 . Hamsters on which adult ticks from cohort 9 fed, were both found dead on day 10. superinfecting virus was isolated from the ticks 12 days post-inoculation (cohorts 7, 8 and 9). Virus isolated from control nymphs retained either the ts or wt phenotype. Forty-two days postengorgement, groups of the resultant adults from each of the six cohorts were allowed to feed on a total of 10 uninfected hamsters (Table 4 ). Nine of the 10 hamsters became infected, reaching maximum viraemic titres 7 to 9 days after tick attachment. Virus isolated from the blood of hamsters on which dually infected ticks fed (cohorts 7 to 9) exhibited the wt phenotype; virus isolated from the blood of the control hamsters retained the ts phenotype (cohorts 11 and 12) or wt phenotype (cohort 10). These results indicate that wt virus is able to infect and replicate in ticks previously infected in the same stage with ts virus.
To examine the response to inter-stadial superinfection, cohorts of 200 larvae were fed to repletion on three ts viraemic hamsters; wt control larvae were fed on an uninfected hamster. Pools of 10 larvae from each of the three hamsters were assayed for virus 10 days postengorgement. All larvae retained the ts phenotype with a mean virus titre of 2.1 lOglo p.f.u./larva at 35 °C (within a range of 2-0 to 2.1 loglo p.f.u./larva) and a titre of < 1-0 log10 p.f.u./larva at 40 °C. Forty-eight days post-engorgement, the resultant nymphs were allowed to feed on uninfected guinea-pigs and within a day of completing engorgement the ticks were superinfected parenterally with 5.0 loglo p.f.u, of wt virus (Table 3 , cohorts 14 to 16). The wt superinfecting virus was isolated from the ticks, 12 days post-engorgement (cohort 14). Viruses from the control nymphs retained their phenotype. Forty-eight days post-inoculation, the resultant adults from each of the three cohorts were allowed to feed on three uninfected hamsters (Table 4 , cohorts 14 to 16). All of the hamsters became infected, reaching maximum virus titres 6 to 7 days after tick attachment. As in the case of intra-stadial superinfection, virus isolated from the blood of hamsters on which parenterally superinfected ticks had fed (cohort 14) exhibited the wt phenotype; viruses from the control hamsters (cohorts 15 and 16) retained their respective phenotypes.
Thogoto viral interference has been demonstrated in ticks following per os superinfection either inter-or intra-stadially . However interference was not observed in the parenterally inoculated ticks. This was demonstrated by the ability of superinfecting wt virus to replicate and to be transmitted to susceptible hosts. There was no evidence that the ts virus was incapable of interfering with the superinfecting wt virus since ts virus infections persisted in the control ticks; previous studies have shown that ts virus infections of ticks show the same characteristics as infections by wt virus (Jones et al., 1987; Davies et al., 1987) , and that ts virus can interfere with wt virus when superinfection by wt virus is per os . Therefore the results demonstrate that if the gut is by-passed (by parenteral inoculation), infected R. appendiculatus ticks are permissive to superinfection. Assuming that THO virus is transmitted in the salivary fluid of infected ticks, the observation that dually infected ticks were able to transmit superinfecting wt virus indicates that THO viral interference does not occur in the salivary glands.
The mode of THO virus dissemination and the organs involved in a persistent infection in the tick are important factors in determining the site of viral interference. Booth et al. (1989) found the synganglion (brain) to be the major site of THO virus persistence in ticks infected per os, and suggested that viral dissemination may occur via a haemolymphatic or neural route. If THO virus disseminates centripetally along the nerve tracts in the tick, parenteral inoculation may bypass this route. However Booth et al. (1989) found no evidence of THO virus in the synganglion of orally infected larvae until 6 days post-engorgement. The onset of interference occurs within 24 h of an infective blood-meal . This indicates that the synganglion is not the primary site of viral interference although it could play a role later in infection. Rather, the results suggest that interference occurs at the initial site of THO virus replication in the tick. This site is presumed to be the cells comprising the gut wall.
